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I. INTRODUCTION

Svstems are modelled in order to understand and explain them better

and 35 a prelude to action. Aircraft dynamics, for example, may be identified

better designs can be made, or so that adaptive control actions can
bz =z2xsn. Our attention in this continuing study has beesn directed at

asz=cts of estimation and identification that are ccnnscted with system

This study has been aimed at two problem areas: multistage

]

and identification algorithms for dynamical systems,

L |

and a parameter identification for a new class of

- =

1 functional equations -- which describe wave propagation

in lzvared media systems.
The first problem is concerned with developing estimation algorithms
cth for paramster and state estimation that are recursive in the dimension
of the parametsr vactor or state vector. Such algorithms will find utility
ir system modeling woxl, where model dimension is often a variable.

22 second probiam is concerned with develcping whole new theories of

stzt= =stimaticn and parameter identification for az new class of equations
we refer <o z2s causal functional eguations. Thesz equations are

continuous-time linesar, time-invariant with multiple time delays. They

dc not contain darivatives or integrals, and no literature apparently exists

Lo ARawm Canesl Eanpasi 2 et o = ¥ Y A s s

for them. Causal Zunctional eguations are applicable to diverse areas such

lines, speech processing, optical

Xeith Glover spent six weeks working

on this grant as a Visiting Research Scholar.

II. R=SEARCH PROGRESS

1. We have demonstrated that it is possible to extend Friedland's

[A] bias estimation technique, as recently rederived in a constructive manner ;wpg

by Mendel and Washburn [1], to the problem of estimating dynamical states Uoa E;
and colored noise states [2]. We have shown how to obtain an exact multistage
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decomposition not only for the state estimation equations, but also for

the associated error covariance equations. Additionally, we have obtained

a second-order suboptimal multistage estimator, using a perturbation
Whereas a high-order matrix Riccati eguation must be solved when
results are used, a matrix Riccati ecuation, of the dimension
tha colored noise states, must be solved when the sub-optimal results
Washburn [3, 4] has generalized Friedland Al bias estimation
to partitioned dynamical systems. In the gensral case, the

re of the dimension of the overall system, so that, except

for some special but important cases, there are no computational advantages

to the multistage approach. Those special cases, where there does appear
computational advantages for the multistage approach are: colored

(discussed above in Ttem 1) and weak coupling batween the partitioned

ulcs are important in themselves, since they provide
2 particular decomposition of the optimal state estimator
large dimension (i. , a larage scale systen).
ure and performance of
methodology of

-ion provides a means for investigating

completed our study into the development

filters for linear lumped parameter dynamical systems.

developad time-domain state space mcdels for lossless
media which escribed by the wave equation and boundary conditions
Cur models are for non-equal one-way travel times; hence, they are
than existing models of layered media which are usually for layers
ne-way travel times. Full state models, which involve 2K states
ayer media system, as well as half-state models, which involve only
have been developed and related. Certain transfer functions, which

n the geophysics literature in connection with models of layered media
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with egqual travel times have been generalized to the situation of non-equal
travel times. Our state space models represent a new class of equations,

ausal functional eguations, for which we have not been able to find any

c
literature. These equations are continuous-time, linear, and contain

time-delays. Their impulse response is an infinite sequence of

n-uniformly spaced imoulse functions.

4. We have proven the truth [7, 8] of the following decomposition of

u

2= solutions to the lossless wave equation in layer=z¢ media: the complete
cutzut from a X-layer media system, which is comprised of the superposition
zZ -rimaries, s=condaries, tertiaries, etc., can be obtained from a single
ate space model of crder 2K -- the complete model -- or from an infinite
number of models, each of order 2K, the ocutput of the first of which is just
th= orimaries, the output of the second of which is just the secondaries,
etsc. This decomposition of the solution to the lossless wave equation into

phvsically meaningZul constituents (i. e., primaries, secondaries, etc.) is

alled a canonical 3remmer Series decomposition, after Bremmer, who in 1951

reflecticon coefficients are

fter szcondaries or tertiaries;

solution to the wave ecuation .

ace models and the

ng the partial residuals.

exuztiosns by assuming a medium with a wave number that has finite jumps

{discontinmities) which occur at the interfaces and that is constant within

a lavar. Thes=z assumptions for wave number are associated with what we mean
7 a hoxizontally

e
LY ad Vi as

ayerad homogenecus earth.

Wz nave also cdemonstrated that Bremmer's integral eguations can be obtained
bv the W. K. B. method which gives approximate solutions to second-order
eguations [C]. This justifies earlier claims [7, 8] that the
Bremmer series decomposition can be used to approximate the complete solution
tc the lossless wave equation by truncating that decomposition after a small

numoer of terms.
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5. We have developed [10] a general theory for describing reinforcec
events between multiple reflections in lossless layered media, which are
described by the wave equation and boundary conditions (e. g., horizontally

stratified nonabsorptive earth with vertically traveling plane compressional

Fainforcements occur whenever two or more multiole reflections from

I=rant paths inside the media arrive at the surface at the same time so

2t taey add (positively or negatively) together. Thos2 reinforcements

{9

occur regardless of what the travel time is in each layer, and distort the

for, they lead one to balieve that a significant
event has occurrad by the appearance of a large amplitude segment of the
seismogram, whereas, in reality, that large event is a sum of (many)
smallar events.

Our general theory is applicable to a K-layer media system with non-uniform
travel times and gives information about the exact location in time, number,

and amplitude of rzinforced events for n-aries (i. e., secondaries, tertiarie

u

’
.. . The starting point for the development of
mmer series decomposition [7, 8] and the operator

nmodels of layered media [5] by means of which

w,

ari=ss, and tertiaries, have been studied extensively. We
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have <Zemenstratsd that not only do

g., between secondaries), but that reinforcements

5. Bzacause our causal functicnal state space models for a layered
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nt a new class of equations, we have had to study the
uter simulation of these equations. Two computational methods have

bezn considered ([111. 1In the first approach, we discretized the time axis
and inserted states of intermediate delays, to arrive at a set of standard

finite-difference equations. For our particular system, matrix multiplications

(2]
o

n be reduced to simple scalar multiplications. In the second approach, we




defined mapping rules for the transformation of states at an interface, and
kept a state reference table for look-up and branching. The procedure is
similar to ray-tracing. Several experiments have been performed to show the
trade-off between storage requirement and CPU time-spent for the two methods.
7. We have developed a procedure for extracting reflection coefficients
from noise data [12] which we feel is a substantial ge alization of
similar procedures which have been reported in the literature ([D] for example).
2sscciated with these earlier procedures are Standard Assumptions and Steps
which include reguirasments that the data be noise free and that the observed
sglsmic data be desconvolved. Our procedure avoids these restrictive
reguirements. Furthermore, our procadure totally avoids the concepts of
z-transforms, minimum phase, spectral factorization, forward and reverse
polyrnomial manipulations, etc., which appear in the literature on this subject.

8. Several state space realizations of seismic source signaturies were

optained using approximate realization methods. This work was performed b
y
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